INTRODUCTION
============

Nonalcoholic fatty liver disease (NAFLD) is defined as steatosis in \> 5% of hepatocytes, and it includes a wide spectrum of fatty liver disease, ranging from bland steatosis to nonalcoholic steatohepatitis (NASH). Additionally, it is the most common cause of liver disease in adults and children in the United States.[@B1] NASH is a serious form of NAFLD that can develop into varying degrees of fibrosis. NASH occurs in 25% of patients with NAFLD, and of these, 10%--20% of cases may progress to severe fibrosis or cirrhosis.[@B2][@B3][@B4] NAFLD has emerged as a significant cause of liver disease worldwide, even in developing economies in the last decade.[@B5] Due to its association with obesity, the prevalence of NAFLD in Korean adolescents might have increased.[@B6]

The serum alanine aminotransferase (ALT) level is commonly used in clinical practice and research to determine the prevalence of NAFLD in public, as it is widely available, minimally invasive, and inexpensive to evaluate.[@B1][@B7] However, the serum ALT level can be normal for children with histological NAFLD, thus there is a significant limitation of using the serum ALT level to screen for NAFLD.[@B1][@B8] Moreover, determining an ALT cutoff for NAFLD varies widely across different laboratories and populations. Despite these limitations, Park et al.[@B9] set an ALT cutoff value \> 40 U/L to estimate the prevalence of NAFLD in Korean adolescents in 1998. Fraser et al.[@B10] and Strauss et al.[@B11] defined an abnormal ALT level as \> 30 U/L using National Health and Nutrition Examination Survey (NHANES) data to estimate the prevalence of adolescents with NAFLD in the Unites States. Recently, the Screening ALT in Elevation in Today\'s Youth (SAFETY) study showed that the upper limit of the ALT level is set too high to reliably detect chronic liver disease, including NAFLD,[@B12] suggesting ALT levels of 25.8 U/L for boys and 22.1 U/L for girls among the 95th percentile in healthy weight, metabolically normal, liver disease-free pediatric participants of the NHANES from 1999 to 2006. Recent trends in the prevalence of NAFLD among adolescents in the United States were assessed with these ALT levels as the upper normal limits.[@B13] However, even though ALT cutpoints for defining elevation has not been specified, Expert Committee and North American Society of Pediatric Gastroenterology, Hepatology and Nutrition guidelines recommended the use of serum ALT levels to screen for NAFLD.[@B13][@B14][@B15] Further, Kim et al.[@B16] proposed ALT can be used as indicator of liver disease such as NAFLD, alcoholic liver disease, and metabolic liver disease. Thus, the criteria for ALT used to determine the prevalence of NAFLD may vary across ethnicity, age and sex.

Park et al.[@B17] used ALT levels \> 30 U/L for boys and \> 19 U/L for girls to predict cardiovascular risk in Korean adolescents. We used these ALT cutoffs to evaluate the prevalence of NAFLD in Korean adolescents because it is the only data available for Korean adolescents even with such a limitation.

Identifying and validating potential novel, noninvasive biomarkers to define NAFLD with fibrosis in children is promising. Liver histology is required to confirm a diagnosis of NAFLD, and it is challenging to determine the accurate prevalence of adolescents with NAFLD in general populations.[@B15] As a liver biopsy is not easy to perform in every pediatric patient, many noninvasive methods for adults have been used to evaluate fibrosis in pediatric patients. Further, the pediatric NAFLD fibrosis index (PNFI) was developed to predict fibrosis in patients with NAFLD, and it seems to predict fibrosis in children with NAFLD.[@B18] PNFI has been introduced as a method to access fibrosis less precisely in European Society for Pediatric Gastroenterology, Hepatology, and Nutrition and North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition guideline, which is a disadvantage, but it is the only method that can be used to predict fibrosis as a method with data examined by Korean NHANES (KNHANES).[@B15][@B19] A PNFI score ≥ 9 has a positive predictive value of 98.5 (confidence interval 91.8 to 100), and it can be used to rule in liver fibrosis without performing a liver biopsy.[@B18]

The purpose of this study was to analyze data from the 2010 and 2015 KNHANES to estimate the current prevalence of NAFLD among Korean adolescents using various noninvasive methods.

METHODS
=======

Data
----

Data from KNHANES conducted in 2010 and 2015 by the Korea Centers for Disease Control and Prevention (KCDC) were used in this study. KNHANES is a cross-sectional and nationally representative survey based on the stratified, multi-stage probability samples of Korean households representing the civilian non-institutionalized population.

Subject selection
-----------------

Data of total 16,338 participants from the 2010 and 2015 KNHANES were included. Participants aged \< 10 or \> 18 years, those who were hepatitis B surface antigen-positive, and participants who had missing data were excluded. Finally, 1,416 participants (776 boys and 640 girls) aged 10--18 years from the 2010 and 2015 KNHANES were included ([Fig. 1](#F1){ref-type="fig"}).

![Total 1,416 participants (776 boys and 640 girls) aged 10--18 years from the 2010 and 2015 KNHANES.\
KNHANES = Korean National Health and Nutrition Examination Survey, HBsAg = hepatitis B virus surface antigen.](jkms-33-e109-g001){#F1}

Measurement of anthropometric and laboratory variables
------------------------------------------------------

Height was measured to the nearest 0.1 cm using a stadiometer (SECA 225; Seca GmbH & Co. KG, Hamburg, Germany), and weight was measured to the nearest 0.1 kg using a balance beam scale (GL-600-20; G-Tech International, Uijungbu, Korea). Waist circumference (WC) was measured to the nearest 0.1 cm using a measuring tape (SECA 200; Seca GmbH & Co. KG). The body mass index (BMI) and waist-to-height ratio (WHtR) were calculated from the measured height and weight of participants (kg/m^2^ and waist \[cm\]/height \[cm\] × 100, respectively). The BMI percentile status was categorized by age and sex, according to 2007 Korean children-specific growth charts. Levels of cholesterol, triglyceride (TG), high-density lipoprotein (HDL), aspartate aminotransferase (AST), and ALT were measured enzymatically using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) in 2010 and Hitachi Automatic Analyzer 7600-210 (Hitachi) in 2015. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured to the nearest 2 mmHg using a mercury sphygmomanometer (Baumanometer Desk model 0320 in 2010 or Baumanometer Wall Unit 0850 in 2015; W.A. Baum, Copiague, NY, USA), and blood pressure was calculated as the mean of three successive readings. For comparison purposes, the upper normal limit of the ALT level was categorized into 4 groups: sex-specific cutoffs for Korean adolescents, ALT \> 30 U/L for boys and ALT \> 19 U/L for girls[@B17]; sex-specific cutoffs for adolescents in the United States, \> 25.8 U/L for boys and \> 22.1 U/L for girls[@B13]; both sexes, \> 40 U/L[@B9]; and both sexes, \> 30 U/L.[@B10] Additionally, the BMI was categorized into 4 groups: BMI ≥ 85th, ≥ 90th, ≥ 95th, and ≥ 97th percentile for age and sex. We examined the prevalence of suspected NAFLD by the ALT level and BMI category. The PNFI was calculated as:

lp = −6.539 × log~e~\[age (years)\] + 0.207 × waist (cm) + 1.957 × log~e~\[TGs (mg/dL)\] − 0.074

The linear predictor was transformed into the PNFI using the following equation, and a PNFI score ≥ 9 was considered as fibrosis in participants with suspected NAFLD[@B18]:

$$PNFI  =   \frac{1}{1 + e^{- lp}}  \times  10$$

Statistical analysis
--------------------

All statistical analyses were performed using SPSS, version 23.0 (IBM Corp., Armonk, NY, USA). Sampling weight factors representative of the Korean population were used because of the complex survey design of the KNHANES. Participants\' anthropometry values and laboratory values were expressed as means and standard errors; t-tests were used to compare continuous variables between 2010 and 2015, and sexes. The χ^2^ test and Pearson correlation coefficients were used to analyze categorical variables, such as the prevalence of NAFLD and fibrosis. For all analyses, *P* values \< 0.05 were considered statistically significant.

Ethics statement
----------------

The KNHANES survey (<http://knhanes.cdc.go.kr/>) was approved by the Institutional Review Board (IRB) of the KCDC (2010-02CON-21-C and 2015-01-02-6C). Written informed consent was obtained from all participants prior to the survey.

RESULTS
=======

Characteristics of study participants in 2010 and 2015
------------------------------------------------------

[Table 1](#T1){ref-type="table"} represents the weighted sample of 1,416 participants (776 boys and 640 girls) analyzed in this study. The SBP, weight, WC, BMI, WHtR, fasting glucose level, cholesterol level, and HDL level were significantly increased from 2010 to 2015. Levels of TG, AST, and ALT were also increased from 2010 to 2015, but they were not significantly different between the years.

###### Participants characteristics in KNHANES 2010 and 2015

![](jkms-33-e109-i001)

  Characteristics      KNHANES           *P* value         
  -------------------- ----------------- ----------------- ----------
  Age, yr              14.223 ± 0.143    14.416 ± 0.127    0.314
  SBP, mmHg            107.170 ± 0.551   109.048 ± 0.495   0.011
  DBP, mmHg            66.966 ± 0.446    66.456 ± 0.369    0.378
  Height, cm           161.540 ± 0.515   161.830 ± 0.540   0.698
  Weight[@B26]         54.476 ± 0.564    57.182 ± 0.662    0.002
  Waist, cm            69.610 ± 0.445    72.742 ± 0.490    \< 0.001
  BMI, kg/m^2^         20.665 ± 0.153    21.599 ± 0.190    \< 0.001
  WHtR                 43.132 ± 0.266    44.969 ± 0.283    \< 0.001
  Glucose, mg/dL       88.857 ± 0.303    91.435 ± 0.297    \< 0.001
  Cholesterol, mg/dL   157.185 ± 1.169   161.544 ± 1.248   0.011
  HDL, mg/dL           49.254 ± 0.399    51.307 ± 0.499    0.001
  TG, mg/dL            84.897 ± 2.537    87.830 ± 2.696    0.428
  AST, U/L             19.141 ± 0.334    19.962 ± 0.656    0.265
  ALT, U/L             15.314 ± 0.619    16.554 ± 1.230    0.368

Data presented as mean ± standard error.

KNHANES = Korean National Health and Nutrition Examination Survey, SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index, WHtR = waist-to-height ratio, HDL = high-density lipoprotein, TG = triglyceride, AST = aspartate aminotransferase, ALT = alanine aminotransferase.

Changes in the ALT level and BMI
--------------------------------

The ALT level among Korean adolescents in 2010 and 2015 changed by 7.2% to 9.3% (*P* = 0.229) using cutoffs of an ALT level \> 30 U/L for boys and \> 19 U/L for girls; by 8.3% to 10.1% (*P* = 0.333) using cutoffs of an ALT level \> 25.8 U/L for boys and \> 22.1 U/L for girls; by 3.6% to 3.9% (*P* = 0.784) using a cutoff of an ALT level \> 40 U/L for both sexes; and by 5.6% to 7.2% (*P* = 0.280) using a cutoff of an ALT level \> 30 U/L for both sexes ([Fig. 2A](#F2){ref-type="fig"}). An elevated BMI was seen in 2010 and 2015, increasing by 20.3% to 25.5% (*P* = 0.047) using a BMI ≥ 85th percentile; by 13.8% to 19.5% (*P* = 0.014) using a BMI ≥ 90th percentile; by 7.0% to 13.2% (*P* = 0.001) using a BMI ≥ 95th percentile; and by 4.7% to 8.4% (*P* = 0.022) using a BMI ≥ 97th percentile ([Fig. 2B](#F2){ref-type="fig"}).

![ALT and BMI among Korean adolescents. (**A**) Prevalence of elevated ALT with 4 different criteria. (**B**) Prevalence of obese with 4 different BMI criteria.\
ALT = alanine aminotransferase, BMI = body mass index.](jkms-33-e109-g002){#F2}

Prevalence of NAFLD with various cutoffs of the ALT level and BMI
-----------------------------------------------------------------

The prevalence of NAFLD was estimated in Korean adolescents by an elevated BMI plus an elevated ALT level according to the different categories. Prevalences of an ALT level \> 40 U/L plus an elevated BMI by 4 categories are shown in [Fig. 3A](#F3){ref-type="fig"}. The prevalence changed by 3.0% to 2.9% using a BMI ≥ 85th percentile (*P* = 0.899); by 2.7% to 2.8% using a BMI ≥ 90th percentile (*P* = 0.971); by 1.4% to 2.5% using a BMI ≥ 95th percentile (*P* = 0.231); and by 0.7% to 2.0% using a BMI ≥ 97th percentile (*P* = 0.021). Prevalences of an ALT level \> 30 U/L plus an elevated BMI by 4 categories are shown at [Fig. 3B](#F3){ref-type="fig"}. The prevalence changed by 4.1% to 5.0% using a BMI ≥ 85th percentile (*P* = 0.469); by 3.6% to 4.3% using a BMI ≥ 90th percentile (*P* = 0.562); by 2.1% to 3.7% using a BMI ≥ 95th percentile (*P* = 0.120); and by 1.2% to 2.9% using a BMI ≥ 97th percentile (*P* = 0.045). Prevalences of an ALT level \> 25.8 U/L for boys and \> 22.1 U/L for girls[@B13] plus an elevated BMI by 4 categories are shown in [Fig. 3C](#F3){ref-type="fig"}. Prevalences changed by 5.5% to 7.1% using a BMI ≥ 85th percentile (*P* = 0.289); by 4.5% to 6.2% using a BMI ≥ 90th percentile (*P* = 0.210); by 2.5% to 5.2% using a BMI ≥ 95th percentile (*P* = 0.024); and by 1.3% to 3.8% using a BMI ≥ 97th percentile (*P* = 0.006). Prevalences of an ALT level \> 30 U/L for boys and \> 19 U/L for girls plus an elevated BMI by 4 categories are shown in [Fig. 3D](#F3){ref-type="fig"}. Prevalences changed by 4.7% to 5.9% using a BMI ≥ 85th percentile (*P* = 0.289); by 4.2% to 5.1% using a BMI ≥ 90th percentile (*P* = 0.489); by 2.6% to 4.3% using a BMI ≥ 95th percentile (*P* = 0.170); and by 0.8% to 2.1% using a BMI ≥ 97th percentile (*P* = 0.054).

![Suspected adolescent NAFLD in Korea with different BMI and ALT criteria. (**A**) obese + ALT \> 40 U/L; (**B**) obese + ALT \> 30 U/L; (**C**) obese + ALT \> 25.8 U/L for boys and \> 22.1 U/L for girls; (**D**) obese + ALT \> 30 U/L for boys and \> 19 U/L for girls.\
NAFLD = nonalcoholic fatty liver disease, BMI = body mass index, ALT = alanine aminotransferase.](jkms-33-e109-g003){#F3}

Fibrosis in participants suspected of having NAFLD
--------------------------------------------------

The PNFI was calculated in participants suspected of having NAFLD. Estimated prevalences of fibrosis were 21% with an ALT level \> 30 U/L for boys and \> 19 U/L for girls (*P* \< 0.001); 21.3% with an ALT level \> 30 U/L for boys and \> 19 U/L for girls (*P* \< 0.001); 23% with an ALT level \> 40 U/L for both sexes (*P* \< 0.001); and 24.5% with an ALT level \> 30 U/L for both sexes (*P* \< 0.001).[@B18][@B20]

Characteristics of study participants by sex
--------------------------------------------

A description of the weighted sample of 776 boys and 640 girls is provided in [Table 2](#T2){ref-type="table"}. The SBP, height, weight, waist, cholesterol level, AST level, and ALT level were significantly higher in boys than in girls (*P* \< 0.001). Also, DBP (*P* = 0.020), BMI (*P* = 0.005), WHtR (*P* = 0.041), fasting glucose level (*P* = 0.005) were higher in boys, and the HDL level was lower in boys than in girls (*P* \< 0.001). Similarly, the prevalence of NAFLD was higher in boys than in girls. Additionally, the prevalence of NAFLD in boys has not changed since 2010 to 2015 ([Fig. 4A](#F4){ref-type="fig"}). However, the prevalence of NAFLD in girls has generally increased from 2010 to 2015 ([Fig. 4B](#F4){ref-type="fig"}).

###### Participants characteristics in KNHANES by sex

![](jkms-33-e109-i002)

  Characteristics      KNHANES           *P* value         
  -------------------- ----------------- ----------------- ----------
  Age, yr              14.335 ± 0.109    14.202 ± 0.135    0.404
  SBP, mmHg            110.505 ± 0.518   105.098 ± 0.444   \< 0.001
  DBP, mmHg            67.297 ± 0.408    66.078 ± 0.379    0.020
  Height, cm           165.279 ± 0.526   157.439 ± 0.362   \< 0.001
  Weight[@B26]         59.105 ± 0.615    51.698 ± 0.541    \< 0.001
  Waist, cm            73.124 ± 0.473    68.558 ± 0.440    \< 0.001
  BMI, kg/m^2^         21.400 ± 0.173    20.718 ± 0.173    0.005
  WHtR                 44.316 ± 0.288    43.543 ± 0.259    0.041
  Glucose, mg/dL       90.531 ± 0.303    89.421 ± 0.293    0.005
  Cholesterol, mg/dL   155.120 ± 1.286   163.880 ± 1.191   \< 0.001
  HDL, mg/dL           49.294 ± 0.425    51.220 ± 0.434    0.001
  TG, mg/dL            85.806 ± 2.537    86.706 ± 2.274    0.772
  AST, U/L             21.302 ± 0.604    17.410 ± 0.211    \< 0.001
  ALT, U/L             19.395 ± 1.149    11.741 ± 0.266    \< 0.001

Data presented as mean ± standard error.

KNHANES = Korean National Health and Nutrition Examination Survey, SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index, WHtR = waist-to-height ratio, HDL = high-density lipoprotein, TG = triglyceride, AST = aspartate aminotransferase, ALT = alanine aminotransferase.

![Estimated prevalence of NAFLD by sex in Korea defined using overweight (BMI ≥ 85th percentile) plus various cutoffs for elevated ALT. (**A**) boys; (**B**) girls.\
NAFLD = nonalcoholic fatty liver disease, BMI = body mass index, ALT = alanine aminotransferase.](jkms-33-e109-g004){#F4}

DISCUSSION
==========

Since diagnosis of NAFLD requires a biopsy or imaging study, the diagnosis by simple blood tests requires many assumptions and difficulties. Although there have been studies to determine the prevalence of NAFLD in liver biopsies of children who have died in unexpected accidents, it is difficult to carry out biopsy for all adolescents.[@B21] In the past, there were numbers of studies that attempted to determine the prevalence of NAFLD with a simple ALT elevation. In Korea, there was also a study in which showed the prevalence of NAFLD in 1998 was 3.2% in Korea, defined as NAFLD as ALT over 30. Hyun et al.[@B22] suggested metabolic syndrome and NAFLD can be main cause of ALT elevation in Korea. Further, adolescent obesity seemed to increase by years in many study.[@B23] However, there was no study to determine the prevalence of NAFLD by obesity plus ALT elevation. It was thought that NAFLD would also increase through such data, but it was impossible to confirm it. Therefore, we tried to define the NALFD using the most widely used BMI over 85 percentile plus elevated ALT in Korean adolescents to predict the prevalence. In this study, we tried to define NAFLD based on obesity plus elevated ALT through hypothesis, but it is also problematic that there is no defining elevated BMI and ALT criteria have not been specified. So, in this paper, we tried to define NAFLD based on various BMI and ALT.

The prevalence of NAFLD in Korean adolescents in the general population is difficult and unclear to assess accurately due to a lack of validated Korean-specific noninvasive diagnostic methods. Similar to other study, SBP, BMI, weight, and WHtR of adolescents increased in 2015 compared to 2010.[@B24] In addition, fasting blood sugar and cholesterol were significantly increased. TG was increased but not significant.[@B24][@B25]

According to our results, prevalence of NAFLD among Korean adolescents were 5.9% in 2015 by an ALT level \> 30 U/L for boys and \> 19 U/L for girls, and 7.1% in 2015 by an ALT \> 25.8 U/L for boys and \> 22.1 U/L for girls. Additionally, the prevalence seemed to increase, especially for girls, since 2010 to 2015. Previous studies on estimating the prevalence of NAFLD among Korean adolescents were conducted using an ALT level \> 40 U/L for criteria of NAFLD. If we had set the cutoff of ALT as \> 40 U/L to estimate the prevalence of NAFLD in Korean adolescents, the prevalence would be 2.9% in 2015, indicating a decrease of 3.2% in 1998. However, it is doubtful that the prevalence of NAFLD has decreased from 1998 to 2015. Further, NAFLD prevalence can be predicted more accurately if the upper normal limit of BMI and the ALT level is modified for NAFLD in Korean adolescents. About 1/5 of patients suspected of having NAFLD also seem to have liver fibrosis regardless of the criteria.

This study had some limitations. First, the upper normal values of ALT for Korean adolescents were unavailable, so further study will be needed in the future to estimate the prevalence of NAFLD more meaningfully. Second, the Korean-specific growth chart used in this study was made in 2007, thus this growth chart needs to be updated. Third, liver-specific laboratory tests, such as the levels of albumin, γ-glutamyl transferase, prothrombin time, etc., should be included in further KNHANESs. Fourth, the use of hepatotoxic medications was unavailable for participants in the KNHANES, and alcohol consumption in adolescents was not included in these data. These limitations may have resulted in an overestimation of the true prevalence of NAFLD in Korean adolescents. However, despite these limitations, this is the first large-scale study to estimate the prevalence of NAFLD with various methods in the general population of Korean adolescents.

In conclusion, we estimated that 296,865 and 62,341 of Korean adolescents in 2015 had NAFLD and NAFLD with fibrosis, respectively. According to our findings, the Korean society must to be prepared to quickly control the increasing prevalence of NAFLD and reduce its complications.

**Disclosure:** The authors have no potential conflicts of interest to disclose.

**Author Contributions:** Conceptualization: Kang Y. Data curation: Kang Y. Formal analysis: Kang Y. Investigation: Kang Y. Methodology: Koh H. Software: Kim S, Park S. Validation: Kim S, Park S. Writing - original draft: Kang Y. Writing - review & editing: Kang Y, Kim S, Park S, Koh H.
